
Lessons Learned from 

Protein Folding 
Silvia Crivelli 

UC Davis and LBNL 



What’s Protein Folding? 

It’s to determine how proteins fold 
themselves into those complex 
shapes that determine the role 
they play in life 



Proteins: the building blocks of life 

•Associated with most functions in your body 
 
•Associated with diseases 
 
•There are billions or trillions of proteins 
inside your body 
 
•They are very small 
 

http://www.nih.gov/researchmatters/june2014 



http://www.nature.com/scitable/topicpage/protein-structure-14122136 







Molecular Machines 

•Create energy,  

•pump,  

•spin around and  

•perform complex functions.  

•There are about 20,000 types of 

machines in our body and 100,000 in 

living systems.  



Molecular Machines: ATP 
Synthase 



Why is Protein Folding so 
Important? 

 To understand the mechanisms of life 

 To find new drugs to combat disease. Diseases associated with 
proteins not working properly include: 
– Cystic fibrosis 
– Parkinson’s 
– Alzheimer’s 

       What does the active site look like? 

 To re-engineer defective proteins 

 To design new proteins with desired functions not currently found in 
nature.  

 Laboratory experiments are expensive: 

• X-ray crystallography 

• NMR 

? protein 
drug candidates 



• Formulating an energy function that  
describes the protein’s interactions. 

• Large number of local minima. 
• Large parameter space (~4800 

variables for a 100 amino-acid 
protein). 

Why is Protein Folding so Hard? 
 

The 3D structure of a protein corresponds to the global 

minimum of its free energy function1. 

 

 

Challenges: 

1
Anfinsen et al., PNAC 47, 1961. 



CASP: Critical Assessment of protein Structure 

Prediction 





The most successful structure prediction methods are 

based on assuming that similar sequences lead to similar 

structures 

Protein Data Bank (PDB) 

80,000 proteins 

~1200 different folds 

Template-based modeling 
 

Homology-based modeling 

Free modeling 

Easy 

Medium 

Hard! 



CASP Improvements 



The Foldit Game 



Foldit Players Demographics 



The WeFold Coopetition 
• WeFold is an open online coopetition (cooperation + 

competition) mediated by the WeFold gateway  

  http://wefold.nersc.gov. 

• It brings together 20 labs worldwide that compete against 
each other during CASP. 

• It provides them the resources to collaborate by contributing 
different components of their own methods and creating new, 
hybrid methods. 
– “Each method has a special power” 

– Leverage expertise at a scale not done before 

 

• 19 different structure prediction methods have been 
developed and are currently being tested during CASP11. 

 



Competition 
Sequence 
alignment 

Secondary  
structure 
prediction 

Clustering 
Search 

conformational 
space 
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Lab 1 

Lab 2 

Secondary  
structure 
prediction 

Lab 3 

Sequence 
alignment 

Secondary  
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prediction 

Sampling Scoring  Selection 
Combined  
Labs 

Coopetition = cooperation + competition 



WeFold1 Results 

The WeFold1 teams  

• Scored a top prediction for T0740 (one of the 
hardest targets of CASP10 

• Achieved peak performance for TR705 and 
TR722. 

These are very promising results for a first 
attempt at combining methods without prior 
preparation or optimization.  

 



What did we learn from our first 
WeFold experiment? 

• We need more labs to increase our chances 
for success 

• We need CASP outsiders: labs with 
complementary expertise and citizen scientists 
that can take a look at the problem from a 
different perspective 

 



WeFold2 as an Educational Tool 

• Engage participants outside the CASP 
community to tackle some specific problems 

• Distribute code, data, and educational 
materials 

 

 



WeFold2 as an Educational Tool 

• My lab is hosting  
– 11 undergrad students (biology, chemistry, 

computer science, machine learning) 

– 1 grad student (machine learning) 

– 1 high school student 

– 2 visiting faculty 

 

All working under one roof to discuss protein 
structure prediction and to support the WeFold 
community 

 



WeFold2 as an Education Tool 

• We’re developing protein structure prediction 
methods 

• We’re developing scoring functions using 
machine learning techniques 

• We’re developing a database to support 
machine learning groups worldwide to 
develop their own scoring functions 

• We’re all learning to work in a 
multidisciplinary team 



Lessons from Protein Folding  

• Problem is too hard for one person or one 
group  

• Social-based approaches have been able to 
advance the field: CASP, Foldit, WeFold 

• More importantly, the combination of 
seasoned researchers, students, and citizen 
scientists working together increases the 
chances of success! 
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